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SUMHARY

A tochnigue of teshing .ind-tunuel powercd models hasg
been develeped as n rsuulid or oxpericnce goinod in the ine
vostigotion of the Suﬂtlc longitudinal- and lateral-stabll-

ceis 8

» - ity ond control characteristics of soveral powored models
. in tho Halh 7- Dby 10-foot -sind tunnel. 4As nn nmrortg nt
Part of this technigue, o mininmum preogram of thce bosts
considorod nccessary to specify entisfactorily tho static
gtability ~ond control chars: e‘isulcs forx prosorumuny ailive—
S"

3 e
plancs has boon tentativoly establishod.
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LA discussion of the nonﬂltxons 50 e investignatod,
cthods o prescntiang and intorpreotiang the data, and a
~u@ csted operating uochnlq arc given. Typicel to
atny; 1llustrating some .of tho-eoffeets of power on &
harpetoristics of o model of o low-wing singlo-ongin
irplance, oro also prescntod.
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INTRODUCTEION

The Iaotional Advisory Committee for Lecronautics has
rN

naortakon an cxtengive investigation to detornminc tThe
focts of propellor oporntion on thoe longitudinal- ocnd
rtcr"l—stability and control characteristics of modorn,

elrplancs, Tho possiblo cdversce offcct of yropoller opor-
atlon on stability oand control charactoristics has long

been appreciated, but only recently khas there Deen an in-
crease 1in the power oubput of the engince~propeller u“i To
& point whore the offoets 07 propcllcr opcration have bo-

- come definitely scriocus.

-0
H)

Tho marked effocts of propellor oporation on tho aocro-
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dynamic characteristics of n moﬂal of 1 uvnic'*l single-

enzire, low—wing, pursuit-type alrpl ne (fig. 1) arec ilw-
lastrated by figures 2 to 5. The ec*e“.e in stntic lon-

Fltudinall etabilitr ond the change in 1onbltuﬁ1n 1l tria
resultin~ from pronellsr oprration are shown in fisure 2

~ad the incresse in the control effcctiveness crused by
the ¢lipstream ig illustrated in figure 3, The decrcose
in the fecvive dihelral caused by rower is illustrntad
in figure 4 and the effects of power on trim ard weather-
eoelz of l1ity rre shown In rigure 5,
hetlhiods for comguting tvhe effects of power on tlLe

svatic longitudingl sfah_L*tv are ziven in roferenceos 1
snd & bat, as the aunthors ¢hemsclvos roint out, tho pro-~
cednre is difficult ~nd uncertain at best. Thoe rmethod of

cnlculatlion of vower-on loternl-gtability characteristics

is oven uore vague. Tho siunlest so*uuion to the »mrob-

lenn 1s $o0 run mower-on model tusts, espocinlly since the

agrecnent ottaincd bebtween powcrcd—modul tuste ond £ligat

tosts indicntos that this mothod is aqulte nceurste (fig. 8J.
Hothots of an-lyrzing pover-on wind-tunnel datn for

- ~

dynamic flight conditions hawe beon discussod ir roferonen
e This fiscussion indicatod that the dats obh-incd fron
powered-modecl fteosts will not only give ~n oxcollend indi-
criion of the probablc statlc-stability charancterisiics ol
the airplanc dut olso will pormit a morc accurate nnﬂlyﬁ“s
for dynanic flight conditions. There sre nrny imporsont
foctore, howevor, bkl may adverscly offoct the flying
ornlitics of an cirmnlsnc, ospccially onc with freoce conw
trols, dubt tnat connot be determined rrom wind-tunntl tcesto
~nd must thoreforo bo laznorecd in this discussion of nero-
fyn-mic gqunlitios, Qhose fnctors includc tho eoxcessive
conirol friction prescent in many cirmlancs, thoe lrg ol
gorvo—~conirol svstoms, tho veight moments of thc conhrol
snrfnces, nnd the clastic constnnts of the coantrol systom.

'C)

2senusc power-on tosts -~ro gonecrallr morc uxpensive,
roguire on pdditional tunndi omcrator, and usually rerulro
more time %o run than ordinnry tecsts, the 137010Dmb nt ol n
simplc oporating procodurc is important. Furthcerrmore, tho
aumbar of tests made should be the minimum number neceswsnry
5o determine whether the s+uu;1~‘7 and control characterip-
tics of %he eirnlane will be gntisgfactory.

o Giscusslon of the conditions $o Tte ilnven

Sirnted and
a teatoative aninimum 4est prorram nre g*eaentc& in pory 1
of thls report. & suzgesied opsrating procedur: is pre
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sented in part II. In part IIT are given the results of
some tests of o typlcel powered model as well as o dis-

cussion of the effects of power on stabllity.

I, GOEbITIONS T0 BE INVECTIGATED AND TESTS NECESSARY
POWER CCWDITIONS

Genernl Conditions

A prercquisite for the develonment of a sntisfactory
porating technigquc for powerosd-model tosts is the gseleoce-
ion of the airplane power couditions that should be siamu-
aved, Inasmuch ags the adverse effects of power on the
harecteristics of the sirplane wvesult from the propeller
lipstream and the direct promncller forces, reproduction
of the mower conditions for which the slipstream veloeciw~
ties and propeller forces are ‘greatest will Dbe desirable,
As the ol rplanc often operates without power, that is,
wvith the propeller windmilling, and may have unsatisfac-
tory characteristics in -this condition, the windmilling
state must also be investigated., The propellér-removed
gondition is necver cncountercd in flight, but data for
this condition ere always dcsirablc for purposes of collm
parison. : .

Longitudinal Charactoristics
Thoe alrplanc in.normal flight may oporate over its
specd range with any onc of scyvoral power conditions,

~including lovel-flight power, constant anglo-of-climb
power, consvant power, and 1dling englnes, Wind-tunnel

data nay bo obtaindd cilthor by simulating the appropriato
power condition on %he model throughout its angle-of-
attack rango or by repeating the .angle-of-attack tosts at
scveral valucs of constant thrust cocfficicent and thon
cross-plotting to the dosired thrust cocfficicnt (power
condition) at ocach 1lift coofficiocnt, . Although this con-
stant thrust.amocthod of teost procedurc is vory simple, the
numbor of tests nccessary ard the labor involved in crosse
plotting thoe results makos it undesirable. '

Of the sovoral airplanc power conditions previously
mentioned, fthe constant power condition is most generally
satisfactory for routine investigations, It represents =
very fregquent condition in flight, is quite readily re-
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produced in the wind tunnel; and requires no cstimntion of
the serodrnamic characteristics of the nirplailte sucsh as
is reauired for the reproduction of level~flight mowver,
Furtl.eraore, it may be made Ho reprecent the most severe
conditions that are to be encouvntered, because with con-
gtrnt fullerased power the raximum pos *blﬂ tarvst coedfi-
ciantg nt any 1lift coefficient sre obtained. The stctic
8 °D;114¢ measured in tne tunnel witl conetant power on-
ton =will corrdSHJNd closely to tko stability sncoun-
becaruse thoe unor.al nothod of detornining
D“i*t“ of an cirplane ir to muasurce its eLilisyr to
an originnl steady~astate condition nrter bcing
slightly from tunt condition.  Throusghout this
gtatoc to stendy stoto, tho virottle isg
a condition corresmonding anproxinntecly to
stnnt power oustput. The condition of constoni
aprlizs Shroughout the flight range, rorord-
ndount nf power: thus, if tho rowor us.
tho »powor neceo.z2a1ry 0 maindain 1cvcl
£t cocfflicient, the airplarc cliznbs
~
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Tha :leono of the curve of piteking moment againstd 117
obtrnincd by constant power oporation is n zcasure of the
ctatic longitudinal stability of tho cirnisnc onerating
undcr siuilsr conditiorns. It has boox shoun Su~t This
slope is apnroxinmately proportional to the dynnntic-
stobilitr censtant ®B  of classic stobilisy tacory. This

LE

aight have been cxpected since tlha dynamie-stnbillt:y
constrnt ‘E defines the long-meriod oscillations in wkich
“the voarious cha nges dcecur slowly enough for the enginc-

propeller wnit to maintain - condition of constant vowev
sbort-ne“lod oscillations, however, which oc-

e

ountput. TFor

cur co-fast thot the angine-proreller-uni’t charsclieric-
tics Lo nok hane time to chan~e =nd ore thereflore nore
nearly st constant thrust conditions hen at constnub

conﬁltionn, the represgensntion may anct e volid,
711l be pointed out later by mproper croce-mloittiag, tae
o ~

constont—thrust Jongitudinal-staAbllity carves nny So Ge-
ternined from the wind-tunnel data obbtninadé for consinid
rower coanditlong.,

Ls th- net effect of propeller operation is uweunlly
0.dverse FTor convenbicnal tr-mctor airplenes and n3 the Flv-
ing cualities or tho rirplsne are usnnlly fost nifscied

Y,



when maximum power is npplied, it is considercd desirable
to determine the stavility and control characteristilcs at
the fligh%t condition of fullwratod (or take-off) power as
the most severe case to be oncountored, The axial sline-
strean veolocity corresponding to a given power coandltion
ig largost when the air density 1s greatest; thus the max~
imum adverse power effects will usually Te encountered
with fulle~rated power at sea=level altitude, where the air
is most dense. s

The stability characteristics of the airplane should
also be checked at one or more intermediate power condi-~
tions, because there are possible arrangements of aire
planes for which the net effects of powor are stabilizing.
For example, the longitudinal statility is increased by
power if the thrust axis is for enough above tho center of
gravity., Thus, the parfial-power condition may be ihse
crititcal condition, -

Partial-power tests are nlso necessary in order to
obtain the longitudinal-stablliity characteristics at var-
ious values of coanstant thrust coefficient by proper
cross-plotting, The stabilléy charactoristics for con-
stont thrust conditions determine the power-on stabillty
derivatives ond must therefore be msed in computing the
motiong of the airplanc, ,

As was shown in figure 2, tho windmilling or idling
propeller has a rather poweriml destadilizing influence.
Inasmuch a8 the propeller is frequently idled during the
oporation of the airplancs, 1t is nccessary to investi-
gate tho stability characteristics for this condition of
propcller oporation. In the cnsce of idling propeller,
tho alr stream forcos tho propeller to robtate against the
enginc friction-forces. Thus, the mechanical condition
of the=cngine, tho flight spood, and the sctting of tho
propeller-gpneed mechanism determine the amount of nege-
tive thrust developed by the propeller. Tests indlicate,
however, that the amount of negative thrust is not very
ecritical for the usual flight conditions, For tests of
nodels of dive bombers with braking propsllers, the prob-
len may be more critical and some attempi to simulatc the
exact airplane engine-propeller characteristics for these
conditions should probably be made. '



Lateral COhkaracteristics
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hs latoral-sts bllluv zni consrol charactor
rplare are anrkedly influenced by tlhe axis
veleecisy and the slipstream rotation,
conGitiong for which these factors nre lorge s
fors be irvestigated, It ghould b=z noted that,
the latercl characteristics are inveﬁtigaﬁﬁa ot
stant 3919 of ?tuack the tests will actuwally be
tarus ooificicnt. The Valao of the thr
ncweVJ , ls detorzinnd by tho power csnd
simulated. The reotationsl velociiics nrc moroe
'ho latoral-st.dpility invostigation thar in
al-st ub111*y invectigations. For thig roa-

ztzonﬂl elocitios should bc renroduced (sco
hor accurateig. If it g ianosuible to re-
with any oane blade anglc, it will be nuccs
sone of thoe taiste with a rango of blalde
xtrapolate the rezults to thoe torque coecffi-
airolane for thoe dceircd condition,
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1, ¢ lateral characteoristics, euch rs rudder

sivonoss and westhorcoek shability, are usuvally irn-
i by power.  Thus, these factors may be catisiactory

cowor—on flight bt undcsirably srell for ~lidin..

dh condition of windmilling propcllors should thcerefore

bz ianvesthisgated

PLIGHT COWDITIONS

basic condisiens of flight arc tac take-cff, tho

The
¢limhing, %he g£liding, ths lrnading, and tho stallcel or
gninning condislons, : In gonecral, cach of thoso flight
conditions must be investipated with the various ropre-
sentative mower conditions that may bo cncorntdr 4 for the
particnlar flight condition., Thus, fullw-rstod power should
be uscd for hake-off, climbing, lending, and stnallold Tlight;
sbout half-rated powor should beo-wuscd for %tho climbing and
landing conditions; and winimilling propcllors sheuld be
uged for gliding, landing,~ani-stallcd stntes, The climbe
ing- ond gliding-flisiht conditions should b2 invostlaonted
ecver tho compleotoe 1ift~ conzfic1cnt rango of the airplanc
fron the minimum 1ift coefficiont (dive) to tho maxinun
1ift cocfficicnt. Negative 1ift coefficionts (inversed
flight) should also bes invesiignted for nilghly umancuvoers



~able ecirplanecs, Tho take-off and the landing condition
necG o investigatod only ovoer the moderato- and tho
highelift rango.

Tho position of the wiung flap, 6f the landing gear,
of the cowl flap, ctcs cn the modsl should correspond %o
tant on the airplane at tiie flight condition to be in-
vestigated, If the airplane is designed to take off with
flaps undeflected, however, some of the tests for the
clinbing condition mey De used as approximations to the
take=off condition since the power condition 18 nearly the

_same,and the positions of the-cowl Jlap and the landing
ear are uswplly anot of too grez‘,lmportance in stability

1nv9 ulq“tlon%. Sisilarly, if the airplans is to.take
of f with flaps fully deflectsd, some of the loanding-

condition tests with full vowsr may be useld %o give an in-
dication of the take-off characteristics, . -

The longitudinal- ond “ateral- stabilﬁty, the . control,
and tvhe trim characteristics chould bte investliroted for
each of the combinnticus of attitude and power unless, Tor
some specisl reason, 1t ig known that the model under test
will De mﬂtlm&uctOry for a particular condition. Such isg

often the case vhen, for instaunce, only minor modifice-
tions hove bsen made on an existbing design that has al-
ready been proved satisfactory. It will Thon be nezs:sc:
to test the model for only the few characteristics thet
roy have been altered by the modifications, Iven in an
investization of a completely new design, laclk of time
rnd money mokes 1t precticelly impossible to tost thoe mod-
el for all flight conditions. It is thus neces sery to
nmake some attempt to deotermine the probadble critical
flicht conditions and to restrict the investigation %o
thoege conditions.

fJ
L&

ry
o

Any attempt to speeify the provably critical cor*i—
o

oD
tions thnt may be encountered in flight must be based on
rast experience and is thereby limited to coanventional
types of airplane. Although ununy of these critical condi-
tiouns are rot actually dangerous, they definitely affect
the flying qualities of the airplane adverdgely,

Longitvdinal Characteristics
Provable eritical flight conditionsg.- Ths clevator

mnovenent rcgulred to trim the- “1rr11ﬁ over the conplete;
spoced range 1s consldeored ar excellent mensure of static |



st bility by pilots and flight-tost cngineers., (Sce reof-
cronce 4,) Tnis olevetor nmovament is very small for most
nodern nlgh-pouer airplancs in the CLulailg or cliamiag
condition., 3Bxcossive countrol manipulation is consocgucatly
rogquired. in gusty alr. Furthermore, the stick position
will @ive little indicaticn of the flight attitvwde ard tho
sirplance nay bYe ianpdverbtently stallod. The snall ulcv“Jo"
moverient ig usually most merkoed for fligant conditions in
vhich large amounts of powecr arc used throughount the specd
TONIG.

The stick~force charcctoristics src nc bottor critow-
rion of the £lizht epeed than is the *ick position ond,
in addalsion, the stick~force ch rﬂcuerls ics any be unsgked
by excescive friction. _hese io“ces also devend critie-

~1ly upon the trim-tob setting. The low longliudinal stn-
billty usually mokss- the trim tad a»npenr tco sernsitive
ande inngnuch as the variation of elevrotor-control force

with 1LiZ% coefficient is debtermined by the trim-tad gset-
ting, it is necessary to determine the eiffectivenescs of
the t2im tabs. The control forces mayr be critical for al-
rost rhy flight con lition,

Tre chenge in 4vim coused by the ~pnlication of nower
noy be critical, esnmecially if the power must be applicd so
re.pldly thnt the elevotor cannot be deflected in tinme to
mointoein trim conditions. Such a situstion mary rrise if
the vrim tnbs cnnnot be adjusted rani@ly cnough to keep the
stick forces reasonabdly low. Sonc af thoe flight condi-
tiong under which sudden changos in the anplicd n»ower would

bc oncountered nre as followsg: during the lnnding anpdroach
when for some rensox the nirplane cannot lond and: take-off
rowver must be applicA rapﬂdlv- during the take—off where
the engine fallp, at least tomporarily; in climbing flight
vhen tho engine falls; ~nd in gliding or cruising flight
of a nilitary nirplanc, which awst sndadenly esecane tho en-
crmy by awnnlring full power., As the grentest trim vhanges
fue to wowver arc usually found for the flap—deflccted con-
ition, %ho ﬂjnlicntion of tako~off power *tc tho nirnlane
in the 1:n€i condition is perhaps the most eritical of
hege pos bl conditions,.

Some other flight conditions, in vhich tho charactor-
stics of tho airplanc may bo unsatisfrctory or cven crit-
ucnl, nav bo mentionod as follows: In landing, the ele-
vetor may not bo powcrful cioug: to held the airplaene in

de 1y

tha sttitude for naximum 1ift becouse of the offect of Hhe
ground on the stability (rotrercnce 5). In accclercted

afe  Lta



maneuvers, the required elevator deflections may be unw
obtainable because the stick forces exceed the pilot's
strength (reference 3), In a stall or spin, the elevator
effectiveness mey be inadequate or tue stlick forces too
high for recovery. In any flight attitude with free cqnw
troles, the etability will depend upon the trim-tadb set-
ting and may be undesirably low. .

Necessery tests.- In many cascs, fortunately, the sane
series of tests may be used to estimate the characteristics
of the ailrplane for several ol ths probadblec critical cen-
ditions already described as woll as to determine certain
model characteristics that must be used to correct the
tunncl data to flight conditions., The operating procedure
will be describcd ia part II. The 1ift, the drag, the ’
piteching momont, the powcor »arametors - thrust coofficicnt,
torque cocfficicnt, gdvanco-iiametor ratio, cfficicncy,
and blade anglc - and tho olovator hinge momonts arc mocas-
urcd at various anglos of attack from alumost zecro 1ift to
the stall for scvoral clovator and stabilizer scttings for
the varlious modol and powor conditions to be investigabod.
A fow clovator %tosts sholld be run with tho model simulat-
ing tho climbing and tho gliding conditions at snglos of
attack abovo the stall to determine the clovator and sta-
bility characteristics i2 & stall or a spin, and somc ol=-
evator tests should be run at negative 1ift coesfficients
to deternine the characteristics for conditions simulate
ing inverted flight Zor nighly maneuverable airplanes.

The effect of the trim tab upon the stick-Fforcd charscters
igstics for some of the conditions must also be checked,
Elevator-free tests need not be run, because the hinge
moments are measured in the elevator tests and, by proper’
cross-plotting, the elevator-~-free charactoeristics may de
determined., If it is impossible to measure the hinge mo-.
nents, however, elevator-frec tests should, be made. The
effect of 'trim-teb setting upon the elevator-free charac-
teristics should be checked. : :

Tail-removed tosts should be made to facilitate analy-
g8is of the data, although such tests arc not avsolubtaly
necessary. <Thosgse tail-romoved tests arc highly important
if the original tail surfaces arc unsatisfectorry and must
be redesigned. Alr-flow surveys at the tall region arc
also very desirable, )

The purpose of the stabilizer tests is twofold:
first, to determine the stadbilizer setting rcguircd to
trim the alrplane in the cruising attitude, and second, to
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determine the stabiliger effectiveness dC,/0iy for the
various mower and model conditions, vhere Cp is pnitching-

)

moment coefficient and iy is stabilizer angle. (411 sorom-
bols used hereafter in the text are completely defined in
the appeniix,) The stabilizer-effectivoness dunta are uscd
tn correct the reasured wind-tunnel pitching-moment dutn
for the cifects of the Jjet boundary as well as to zive a
measure of the air-flow velozity ot the tall surfaces
(amount of slipstream passing over the tail, etc.). Toahs
with two different stabiliger settings are reqrired for
each model and power condition to be in”‘uti”ﬁ+cd. Tha
stahilizer scttings shonld bracket the condiuwon of trin
" wifthin the flight range and should be at leass 3 npart to
nLaintain 2 roasonable doerce of accursacy.

Tre clevator tests are made with the stabilizoer
as 1t will bo on tho sirplens, probatly tec trim at the
cruising attitude. Adbeut three or four elevabtor sctbinss
are usually necessory for esch umodel snd power condition
to e tested, The elevator settings arec so chosen ng to
trim the nodsl over the complate 1ift range. Theose wleova-
bor tests moy be usecd to estimate hc probable charactor-
lstics of the airplane at the varionsg critical conditions,
The clovator movement roguircd to trim the airnlanc over
the compnlote speed rango, thio elevator shtickeforce chaorcce
teristics, the chanses ia ritching-moment and stick-Torce
trim conditions due to power, the effect of changiang %the
center—-ofearavity location, the effectiveness of the cle—
vetor in producing accelerated maneuvers, ~nd the elevn
tor effectiveness and stick forces in a stall or spin may
211l be determined from these tests,

36
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The tests to deotermine the elevntor effectivencss for

londing should be made ia the mresence of ~ ground board.
(Sec roforencs 5 for a doscription of such teste.,) If,
rowever, it i1s impossible to m~ke ground-board tests, tho
cGditional effceects due to ground may dbe ostinnted from tho-
orctical considerations. '

Tosts to determine tho optimum rode of propellcor ro-
tation for multiengine airplancs should be nodo if 3he

i0de i1Ig not dotcrmincd bw othoer considerations

doto .~ When the airplane

Fresentotion and annlrsis of .
is in equilibrium flight, that is, in a stepcdy—-ctato con-
dition, it is always trimmed (Cp = 0), The nmodel nsed not
necessarily be trinmed when tested, but to analyze the test
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datc correctly, it is necessary to determine the statice
stability characteristics for trim conditions, since the
static stability does depend upon the initial %tail load
(elevator setting) for power-on tests in which constant
power operation is used, The usual measure of static
longitudinal stability is the slope of the pitching-moment
curve dC;/dCy., The slope of the pitching-moment curve
de/aOL nust therefore be determined at Op = O for each
elevator setting tested and then plotted ses a Ffunction of
the trim 11ft coefficient. Another measure of static lon-
gltudinal stabllity is, simply, the elevator angle re-
quired to triuw the alrplane over the 1lift range., Tho two
measures of static stability are closely related., For
qualitative work the elevator movement required to trim
the airplane over the complete specd range is pot only a
good measurc of stability but also allows dircect compari-
son with flight becausc it is rcadily determined in flight
tOStSQ

The stick-free stability characteristics should be
determincd for trimmed conditions (trim by means of tabs)
elso, The plot of elevator angle for trim ag a function
of 1lift coofficient such as is usod to define the stick-
fixed characteristics will not define the stick-free char-
acteristics, however, Dbecause the curves would Dbe the
same (stick free or stick fixed) for any given model or
power condition, The actual slopes of the pitching-moment
curves at Oy = 0 (for the trim-tab setting for Ghé = 0)
must be used for the analysis. For purposes of comparison
it will be advantageous to have the slopes daCp/aly for
the stickwTixed condition also, Thus it will usually be
simpler to analyze the data for static stability and for
trim if it is summarized by plotting elevator angle rew-
guired to trim against 1ift coe’ficient for each model and
power condition tested and for each-center-of=gravity low-
cation to be used and also by plotting the. trimmed slopes
aCp/aly as functions of 1ift cocfficient for the sticke
free and the stick-fixed conditions,

¥ .

If it is desired to calculate sither the motions of
the alrplanc or its short-period dynamlc-stability charace—
teristices, 1t will Dbe nccossary to cross-plot the constant-
power pitching-moment curves to obtaln consgtant-thrust
pitching-mnoment curves, The slope of the constant~thrust
curves is 30p/dc (the change in pitching noment duwe only
to a change in angle of attack), and the slopc of the
constantepower curves is dCp/des (tho complcto change in



pitehing moment due %o a change in both angle of attack
and forwerd velocity). The elevator cffectivenass

603/360 swst alaso be devernined as & function of lift co-
afficient for the dynamic-stabllity calculaticns.

N Uhe nethods of anclyziag wind-tunnel data for drunanic
£light conditions given in vefervnce 3 ray bo used to con-
prte the moility of the avetors to perforn accelerzted
nenewvers and to dete"rlne whetlor the stick forces in ac-
celarated naneuvers will bocoms excesgive,

The hingn-aonent data must be exenined rathor criti-
llJ in order to dotermine whuUAer the sticl: forces will
ever ob001e cxeeselve fer any trim-tadb seitfing likely to
B uwsed. She neasurocol hinge-monent cheoracicristics nust
onveortod Ho stick Forco go that they will bo in cxact-
inits, vpounds, that sho pilcet will have to exort.
r~tab data arc quite impor*an+ beecasc thic varia-
clovator stickz foreco with 1if% coesficiont donends
1y uvpcn the $trip-tad sokting, Thoe Hrin-tad date
iuzportant in commuting the stick-free gtability
i .
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tall-roenoved %usts-arc nadc, thao ineremant of
a¢ noment due to the fteil and tunms the tall load
cslculated, A knowledge of the countridution of the
the nitehing mouents of the couplete sirplane ic
vy ovovided that the gbability or the control
isticse are unsatisfactory and a new tall is to de
surveys asre ;ade of the cir fliow atb
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Latoral Charscisristics
i izbht condjtions.- Large chmangos
in longitudinal trim are associated wibn sideclip undor
nower. for nost sing o and for meny muliticungine nir-
nlonecs, The‘trin changes occurring nt noderate angles of
bﬂrﬂslip arc often so larze tkat the z2lovator powecr avail-
ud“q1a+ 6 naintain oven Nodorate anglo ol

T
S
v (=4
sidaeslip wishout “uv_gg the airplane dive or stall ou% of
i iesli '

Probable crit

[

; ing the alrpiane in roll and in
ge amounts of vower or wiith unsyanetrical power
16 airplanes is always &ifficult 2nd4d cften
Thuns, either because the controls lack cuffi-
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cient power or because the control forces are too high %o
pernit large deflections, it may not be possible to hold
the airplane at zero yaw when operating with unsyanetriccl
power, Single-engine airplanes are also llkely %to-experi-
ence trouble in this respect because of slipsiream- 'rota-
tion., In some cases, full rudder is required to hold the
airplane at gzero yaw with flaps down and full power, Trin
changes in roll caused by motor torque have also been
found objectionable on several airplanes, ALl those tri:
changes are most marked in those flight conditions in
which the specd is low and the power applied is large.

Inosiuch as power usually incresses the veluc of
30, /3% (either rudder fixed or frece) at small angles of
yaw, the flight condition at which the dircctional sbtadilw-
ity is most likely to be unsatigfactory is the landing

condition when tie propeller is windmilling, At largo an-—
glos of yaw with the ruvdder fixed or frec, the dir cetionnl
characteristics nre probably the 1oast satisfactory undor
the high-tarust condition.

Thac slome of the rolling-nmoment curve 0C3/3¥ is a
neasure of the offective dihocdral, a value of about 0.,0002
being cquivalent to 1° of dihedral, (Sce roforcnce 6.)
The influcnco of power on the dihcdral is guiftc narked.
For onc singlc-cagine nodcl tested in the 7- by 1O0~footb
tunnel the cffective dihedral was rcduccd lOo by about 70~
percont rated power applicd in tho landing condition,
Hultiongine 1odels usually Go not losc as much dihcdral
cffect whon powor is applicd as single-cnginc models. The
loss in offcctive dihodral causcd by powor is usually
groatost for conditions of slow-flight specd with flaps do-
flceted and with high powor.

. The stability and trin choractoristics aro affocted
by tho dircction of rotation of the propcllers of multl-

nginc airplancs. It is thus important to determinc the
rnode of rotation giving the most desirable characteristics.
.Since longitudinal stability characteristics are also af-
fected, o compronise may be necessary.

An airplane, to be satisfactory under all conditions,
should.poss»ss not only stabtic stability dbut dynamic sta-
bility., Dynanic stability requires that the weathercock
stabllity and the effective “ihedral lie within certailn
linits, These linits “epend rnot only on the various aero-
dynanic characteristics of the airplane but also upon the
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radii of gyration, the nass dergity of the airplane, ~nd
the conbrel—asurface charscteristics for conurol-zree
flight., Desirabls limits of the staticestadllity criteri-
ons for & particular airplane may be estinatsd by use aof
rocferences 7, 8, and 9. Inasmuch as the static-stadllity
characteristics vary through the flight range, it will be
necessary bto deternine whether these characterigtics lie
within the required linits for each condition of flight.

-
T

Tocessn testg.~ It would, of course, be desirable
to nake lat ~stnbility (;aw) tests simulating esck of

arw
eral

the basic f£lizght conditions at all 1ift coelfficientg. A4s

tiae nunmber of tests ig pro:zivitive, however, only ~ few

basic conditions at represeantative 1ift coefficients are

chosen for tests. For nost routino investi*ntions those

conditions arc the highw-speced attituvde witk fuwll power, o

clinbing atbvitude {moderate 1ift cocf:ic ent with flops

noutral or partially deflected; with full power, a=zd tao

landing utt1+ude (2° Tolow tho power-off stall wvitlh flans :
full down) with wininmilling nropellers and with fuil powor. .

Partial-power and power-off tosts should De inclulced, i

possible, to show the efiect of powoer, ..
Bach basic conditionr should _bo invostigated sarougia-

out the row range frOn 0° %o =50 s tho usual =six compe-

nontsy the power paranetors, and the ruddcor hinge noments

for scvorr rudder and once or two olevator sottings being

dotornined. Care nust De maintained to.smelocy the vanlue

of rudlu_ deflection to be lavestignted in such o way
will %rin tho :0dol ovsr tho cJ.nluuu yaw .rongo, ineclu o
both positive cnd ncgotive angles. 4Asg the clevator elfecw
tiveness Tor power-on Htests VLr;es with anple of waw, ol
evntor teosds should be nade in yaw %o determine wasther
ae elevotors are powerful enough to holéd o given nnmle

of sideslip. ALileron tosts are usually iiade Zor the Hizi-
speed and the landing conditions ard.uay be nade wilth
practically any vower coundition coavonient, The nensnra-
monts necessary for the aileron tests are tihc usual six
conponents and the aileron Zinge nonoents,

,-'.

T

.,.-,a

ese tests constitute the minimun ﬂurb=v of %ests
necesgsnry to estinate the lateral-stebility and control
cﬁmrhct=r sticg of the ailrplane., If the chernc

prove unsatigfactory or if aore detailed study
characteristics of the airplanc 1s desircd, adll
tcsts nust he asde. Tho rocomnended sddltionn
the tsil-rcroved tosts, nower-on and nmowsr-off,
veys of the alir flow (dvuh“*c pressure and dircetion

F»J
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the tail. These tests greatly simplify the problem of re-
designing the tail surfaces, 1f vedesigning is necessary.

Presentation and analysis of data. - The lateral-
stability data obtained from the 1 odel btests should be
analyzed for steady-state trimmed-flight conditions. It
is difficult tc obtain data for tke model trimmed with re-
spect to all three axes: vpitch, r.ll, and yaw. There are
two practical -usthods of obtalning data for trimmed condi-
tionse

One metkod is to transfer the dsta from the vsual
wind-tunnel kalance axes (the wind a<xes) to some - other
system of axes such that the deflecti.cn of any one of the
three contrels will affect only t1.& noments about the
axis thet control is normally desighed to affect and will
not appreciably affect the moments about either of the
other two sxes. For example, in orddr to determine the
effective dihedral (BCL/éw) it is mecessary to have the
model trimmed in pltch and in yawy ¢+$herwise, components
of pitching moment and of yawing moni:nt will.be present
in the rolling moment. If, however, the data are trans-
ferred to a system of body axes sucia that the X axis lles
in the plane of symmetry, no componeryt of pitching moment
ahout the ¥ axls due to elevator deflection can affsct
the rolling moment about the X axig. If the X axis not
only lies in the plane of symmetry bul: also passes through
the center of pressure of the vertiesl, tail surface, no
component of yawing moment sbout the Z exis due to rudder

deflection can affect the rolling momerat about the X axis.

After the transfer has been nads, the slopes dC /v
and 3C1/3V may be easily determined for trim conditlons,
because the other moments have no effect about these axes.
For most airplane models the components of rolling moment
dvue to rudder deflection are rather small, because the cen=
ter of pressure of the tail is usually fairly near the rel-
ative wind vector through the center of gravity, at least
for the critical case of minimum speed [with high thrust

" coefficients). Thus, the component of rolling moment due

to rudder deflection may generally be nesglected and it will
be necessary only to transfer the data to the so-called
stability axes instead of to the body axes, Transferring
the data to the stability axes is simpler chan transferring
them to the body axes. The stablility axed sre a system of
axes in which the X axis is the intersection of the planse
of symmetry of the airplane with a plane rerpendicular to



the nlane of symmetry angd parallel with the relative wind
direction, the Y axis is psrpendicular to the plane of
symmetry, and the Z axis is in the plane of symmetry and
rerpendicular to the X axis., It must be emphssized thet
tre ude of this system of axes corrects the data for un~
trimmed pitching moments only. Another advaentage of tlLe
wge of the stabllity axes Is that this system o axes is

. most easily used for dynemic-stability  calculations. For
the convenience of the tunnel operator, the basic trans-
fer equations from the wind to the stablliiy axes alon
with some approzimatse slope equations that apply at an-~
gles of aw near zero only arec herewith presented:

CIJ= CL' (1}
Cp = Cp' cosy - CY' sin ¥ : (2)
Oy = Oy' cos ¥ « Cp' siny (3)
C,= Cup' coz¥ - bfe Gyt siny (4)
Ci= GL'_9OS¢ <+ c/b Gyt siny (5)
Cp= Oy (6)

Avproximate slope eguations at small angles of yaw ave

aCs 30! Ct

ki Y D

= 1. 7
oy v 5745 (7)
oC _ aCy! c Cm'
2% 3V b 57.3 (8)
acn acn! ( ) 1 o ) (9)

= For any angle ol aw :
Y or By ene d

where a single rrime indicates wind axes and no prims in-
dicates stobility axes. '

The second method of cbtaining dzta for the model in
trimned flight is to cross-plot directly the wind-axes
data (tunnel data transferred only to the center of grave-
ity of the model) in order to determine the control de-
flections necessary to trim the model about all threc saxas.
This method assumes no interaction or interference botwsen
the controls and the cross plots have to be made in the
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style of successive approximations. The ladbor involved,
however, will usually be less than the labor involved 'in
the transfer to the stability axes beforo the cross plots
are made, (The cross plots must be made to analyze sho
dato proverly,)

The plots of tho control~surface deflectlion nocessary

"to trim the model at cach angle of stecady sideslip arc nob

only coavenicnt summary plots Dbecousc they give a diroccey
measurce of the stability, conitrol, and trim charactorise
tics but also may be dircectly comparcd with results of
flight tests. Tho anglc of bank neccssary to countoract
the latoral forcc may also. be computed for conmnparison with

the angle of bank meoasurcd during flight tosts, if do-

sircd. Part of the mcasured latoral forco is duc to the
ruddor sctting, and the valuc of the lateral force uscd
conscquontly dopends upon the control defloctions reguired
for trim,

In order to calculate ithe motions of the n~irplane-rond
the dynomic~stability characteristics, it 1s necessary %o
have the trim slopes of the rollinge-noment, yawing-nonent,
and lateral-~force curves near zéero yaw. ZThese slopes are
to be obtained with respect to the stability axes but noy
be obtoined from the original wind-axes data and corrected
to the stability axes by use of the approximate slope forw
nulas previously given,

The direcet effect of the controls (90,/38, and

36,/38,) ond the sscondnry oifects - (3C,/R8, and 3C/38,)

ghould be deternined obout the stability axes. For prac-
tical purposes windeaxes daota moy be used provided that thoe .
rolling effcctivencss of tho latcral coatrols is detor-
nined at zoro yaw wherc the wind and- stability axes arc the
sanc, since the yawing moment is always the same about ei-
ther the wind or the stability axes. These data are of
value both for comparison of static data and for dynamic-—
stability and resulting-motiocn calculations. These calcu-
lations must be made if it is desired to estimate the ef-
foctiveness of the control surfacc in producing the do-
sired motions of an airplane because the coupling of the
vawing and rolling motions resulting from small control
deflections may gonorate motions opposite to thosc that

tho control deflcctions woro designoed to producec. The po-
riod and dsmping of any oscillation should bo cstimatoed

for the various flight conditions. :
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The control forces and cffectivencss rcquircd for.
spin rocoverices must also bz chocked, iusofar as nossibic,
with the static data available from tho tests rade,

Somanary of Tests Renuired

A gunmary of the tests reguired for =z routine inves-
xtlon of the static—stability and control characieris-
of a model is presented in tables I zrnd II.  The nun-
of tests indicated is believed %o be the smallest nuu-
consistent with a satisfactory determination of the
statle~stability charaocteristics. As pointed out previons-
ly, for a more complete investigation it would be desir-
able to incrense the number of power and nmodel c JdluiOﬂ

to add propeller-rcmeved teshs, ground-doard tes t511~
ranoved teg *s, and d;namlc—nﬁe.n ro ang angle sur"e ' At
the tail, For nul:werglnc nodels nll tests should bo ro-
peated with various modes of propeller rotation and with
seymitetrical vower If the 1lrp1ano propcller choaractord ge
ticeg cannot be cTO°e1v roproduced oy onc nmodel blade anglo,
btlado-anglo tosts should. be nmadeo. '

o

2
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iI. SUGGESTED WIND-TUHNISL CPIERATIIG TECIIIQUS

DISCUSSIOW CF TEE CRITERIONS 0F SIHILITUDI
The tests to bo run and the eirplanc power conditions
to bo useld for thoso tests have now boen sclocted, Thare
remaing tho .problem of deteruining o simple, rapii wind-
tunnel operating procoduro tnat will proporly simulnbtc Lho.
power conditions sclected. . Tho critorions of similitnde
will be cstablished, and tho goneral nethods tscd %o cchi-
mate the numcrical walues of the airplanc critcrions and
the methods nocessary to rcproduce thoso eritorions ror
tho modcl tosts will Do given in the following gontions.
Tcsts of models can ncver be cexpectod to oxachily ro-
rroduce Fullescalc condltions unless the model is the
airplare and the air stream has free-zir eloracterissics,
that 1s, flight tests, This statcment is Tundameninrlly
true for any type of test, power-off or power-on, bacruse
there ore always some conditionsg of similitude that connot
be net or that even conflict with other confitions,., Ieor-
tunately, however, all the conditions arc not of equnl im-

portance ané, if the princinal eifects of the various
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factors are reproduced, results that are correct for all
practical purposes may boe obtained,

In practically all power-~off wind-tunnel stabllity
investigation the effecte of Reynolds number, turbulence,
surface roughness, intcrforence of omittcd parts, Mach
number, etc, are ignored. The only criterion of similie
tude that is ugsually met is that the model be built to
scale with only & few omitted parts. In making power—on
tests the only important additional criterion of simili-
tude is that the relative slipstream velocities be the same
on the model as on the fullescale airplane., If the slipm
‘stream is reproduced, the propeller forces will automatic-
ally be roprodiuced because the propeller forces are equal
to the increasc in momentum of the air in the slipstrean,
It would rcquirec a dotailed air-flow survey of the reglon
in and nocar the slipstream of both the model and the airp
plane to determine properly whether the slipstream has been
reproduced. Such surveys are impractical and it becomes
necessary to determine some simple criterions for reproducs-
ing the slipstrean, -

The important nirplanc slipstream charactoristics may
be considercd reproduccd on the model when the thrust co-
cfficiont, tho_torgue coofficiont, and the gpormal-force
Coofiicicnt of tEo modol arc the same as tho§¢ of tho air-
plancs  Thosc criterions of similitude are Dbased upon clo-
mentary momentum thoory, which indicates that the axial
slipstrecam velocity ratio is a function of the thrust co-
cfficiont, the ratio of tho tangontial to the axial veloow
ity Qgggigugggégg is proportional to the ratio of the
torque cocfficiocnt to tho thrust coofficient, and tho an-
gular dircction of tho slipstroam is a function of tho
normal-force coofficiont and tho thrust cocfficient. Tho
cfficicncy may be considored a criterion of the energy
lost in the slipstreanm due to eddies, tenperature rise,
and altered velocity distribution,

Fortunately, experience has shown that it is usually
not necessary to exactly reproduce the slipstrean in or— !
der to secure satisfactory results in most power-on sta-
bility investigations. The effects of each of the varia-
bles should be kept in mind, because expericnce has indi-
cated that sonc of the factors affocting thesc variables
arc relatively uninportant for some types of tost on sone
airplancs. Thc sanc factors arc of utmost importanco for
other typos of tost or for other airplanc types.

PrRE——— e e

e



DETERMIVATION COF FULL-SCALE PRCPELLER CTARACTERISTICS

tive Thrust Condition

ct
|».-h

|
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stroam cordifticng, it will be neccosgsary <irst %o calcu-
late the _ull—ucalo propeller clkaractoristics cxrresscd
in cocfficient form. Tho rohticds usod %o caleculatc the

t-i
(¢

propcller charactericstics arc simple and straightforward.

The thrust conf‘iciort, tre torgus coefrficient, and the

Eefore it is possivlc to roproduce thc aiﬂplanc §lipe

nornal-force cocfficient of the airplane propcller nust bo

doternined as funciions of the zirpianc 1ift coefficient
for the various power conditions to te investigabted. A

knowlcdge of . the advanco-diancter retio, the efficicncy,

nnd the blade angles of tho prcecpeller is also highly de-
sirablo. : ‘

Only tho calsulations neccesary to deternin

¢ the
characiaristics of a constant-s ncnd preopeller deolivering
gruntant wpower will be outlineéd hare. The sanc tasic
iizes are usod, however, %o calculate tac charactarictic
ol Jixed-mitca propellers or yropolicr-onging coxbinatio
oparating under obtnor power condiftions,

brake khorscpower and the Pr

2 opc

etaor are krowa. The procedéuro for tho cq wlationsg di8 ¢
follovs {(tho synbols usoed arc standard A OA srtols and
ar2 dofianed ia the ap nchi“,: :

1, ¥or sovcral valucs of 1ift cocfficiont, compute
the slrplene VLlOGlEV v (ft/scc) from the formule

v = /2 Jeose
o P8 v S L

Az the angle € has not yet been Aeternined, it wi
be necessary to essulle a valus of cog 3 = L3 that is,
level flight nust be assumed, Fo aprrsciails crror ifs i
troduced bxr this ﬂ”oceau" for the thrust coeiricicnts
caleulated for use of IGV'l—LLl,ht conrditions are only
zbout 3 %0 B wmercent low cven In the kigh-1if% range, an
this small errvor will later be corrcched.

That is, lovel flight veloclty

llbr speced and dian-~
as

-
| o
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Be Compute Vi p /nD for each value of 1lift coef~
ficlent ‘ :

3. Calculate the powor coesfficient Cp Dby the folw
lowing formula

4, TFrom a propeiler-charactoristics report (for ox-
ample, refercnce 10) giving the characteristics of a pro-

peller ond nacelle comblnavlon gimilar to that of the air-

Plane, deternine the s NI, and B for tho previously
determined values of vT 7,./nD. and Op. If the full=
scale h“opeller differs vur" much in plan form and thicke
ness from the assumed propeller, it may be desirable %o
corrcct the power coefficient Cp for these differencos.

Homilbon Standard Propellers, Division of United Aircraft
Corporatlon, has dotermined a correction for plan form
called activity factor wher

El 'b)

\char

e

Ky 7, = activity factor ratio = G
Plactual)

and an approxinmate correction for blade thickness. In the
absence of Hamilton Standard Propeller data, the activity

factor may be computed by the formula

, 1.0
! L T
_ 100000 [ Cp rN ., /r
Ao = —mo— | § R « (P‘)
' . " of
Oe2

for the assumed (chart) propeller and for the actual proe—

peller, The thickness correction may usually be neglect-
ed. "
5, Czlculate the app rox11ate thrust coefficient
Tely o n termns of wing area snd level-flight dynanic
R

i
vressure fron
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8. If adrplane drag for the propnller—“eroved condie-
tion is availalle, or may be estimated, make an estinmate
he angle  § since

- C
Dpower—off\

c Ul
e/ S L,F. TYpowsr-offy
an = ]

Gy Y,

For a better apprr Oﬁl.utloﬂ to the true V/ul, de-

-3

L ]
ternine

8, Tor the movwe exact thrust coefficiens, determine

2
. Cxa 23
. - o ( v \:u
. _ nd /
vhere the wvalue of CT for (?/nD)L.F. nay be used
. V=V, » /fcos g
LIy
T
Cr 2p® "¢ -.w

Be__

[n

= = 3 =
¢ (Vt o 53§‘§> S cos g

2. Conpute the »ropeller thrust ccefiicient in terns
o X

romeller dinersions, '1f desired : .

: S ) ' Crp
il =T 1 or w = =
e e <an§ AN

Lol

(&=
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the cowling have nobt been g
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10, Compute the torqgue coefflcient Qc. as follows:

0 T /' V 1
"¢ 7 M \aD/ am
11, Oaleculate the propeller normal--force cosfficient
N from Glauert's equations by use of experinentally dew

rnined average propeller curves (see reference 1) of K

W, = X s8in g N nornel force
' S oV°D"
ﬁD/

The fullwscale propeller~thrust coefficient, the
normal-force coefficient, the torque.coefficient, the effi-
ciency, the blade~angle variation, and the advance-dianster
rotio have now been detormined. Typical calculated characs
toristics are illustrated in figure 7. '

It should be noted here that the airplanc propeller
charscteristics Jjust conputed are the estinated propul-
sive characteristics, not the actual forces or monents
that really doternine the slipstrean notion.

Mothods for determini Lo anounit of air flow through

T
givon, but the air flow should be
deternined and roproduced on the nodel, if fegeible, bo-
caugo tho air flow will affect the distribution: of slip~
strean velocitices and nay even be criticsl for some air-
plancs. : . -

Fegative Thrust Conditions

The ncgative thrust characteristics of airplancs aro
difficult to cstimakte. Irn reference 11 is given a sum-
nary of the data aveilable on negative thrust charascteris«
tics along with a small amount of engine-friction data,.

The destabilizing effects of model propellers operabt-
inz at negative thrust do not seem to be very critically
demendent upon the Dblade angle used. TFor this reason no
attempt will be made %to repeat here the information given
in reference 11. Some special flight conditions, however,
such as the use of the propeller for a dive breke, may re-
guire an asccurcte reproduction of negative thrust.



MODEL PROPELLER

Fropellers for

CHARACTERISTICS : :

the usual moderate~sized wind—tunuel

¢dels nra of fixed-pitch construction., Obvisusly, thexr
runot exoctly reproduce the charactoristics of o fulla
::lo constoant-sreed propeller but, by ths proder solee-
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otor mush.bo.usnd..bbhe.thrust coefficient bascd uj
arca sghould be reproduced rathor.than-the.thrusgt. co
cicnt basgcd on disk aroa,

OPERATING CHAR? FOR THE WIND-TUNNEL CPERATOR

.The most convenient method of determining the char-
actoristics of the mcdel provellers is to run propeller-
calibration tosts with the clean model mountecd in the
tunnel at about zero 1ift, that is, to necasurc the offecw~
tive thrust coefficient, the torque coefficient, and the
cfficlency for various valuocs of V/aD and blade angle.
The cffeective thrust coefficicnt based on model wing arca
and on &ynamic pressure is dotermined frowm the drag-scalc
_roadings taken with tho propsllers opcrating and with tho

propcllors romoved, Thus,

o' = Cp

. - oy
. propellers removed

propellers operating

The torque coefficients are determined either indirectly
from calibrations of the model motors or directly fronm
torgue~meter readings. The efficiency may be calculated
from the thrust, the torque, the motor speed, and the air-
speed as measured, The propeller normal-force character-
igtics must be calculated, no simple method of measuring
them being avallable,

A slight error incdotermining experimontally the pro-
peller thrust may be causcd by the fact that the effec-
tive thrust for a given actunal thrust may be difforent on
the airplane and on the model if tho model clcanncss or
the cir~stroam turbulconece is zroatly differont from that
of the airplanc, That is, tho glipstrcam velocity is de-
toermined by the actual thrust forece - not the cffective
thrust - and the actual slipstroam valucs should be repro-
duccd, If the transition is fixecd at the same point on
the-model as on the airplanc, this offccet can be partly
climinstcd, : '

Tho blade anglo for which the thrust, torquo, normal-
forcc, and efficiency charactorigtics most nearly repre-
sent the characteristicg of the airplsasne constant-speed
propeller way be determined by comparing plots of experi-
mental model propeller date with caleulated full-scale
propeller dats similar to figure 7. The effective thrust



fent calibration for the selectod blado angle 1
t is required to detormine the tunnel-operating
ons, In figure 8 is shown the evolutior of =z t-
oal tunnel opcrating chart dased ou effective thrust co-
efrficicnts alone for counstant tunnel dynamic-pressure one
eration.

The computed alrplane =ffective thrust coefficients
for various 1lift coefficlents and power conditions nare
ghowvn in Tigure 8{a). A mecdel propelles callhrat&on is
given in figure 8(b), and a uomPOQlte of Tigures 5(a) and
8(b) is given in figure 8(c). The composite curve shous
propeller speed in revolntions per mninute plotted against
1ift coefficient for a given value of tunrel dynamic pres-
SN O .

Although the %unnel dynnmic prescgure 1Is maintolns
constant for the propellier calibration and for a2ll th.
testesy the actual tunnel velocity may vary souevaat be

cause of changes in air density, wiich rersult in chnng
in the thrust delivered by the pronellerh. hls ary or
usually smell; in order to prevent its Decon
the ailr density should be debterminaed for eact
t varlies markedly from tha air censiiy o
tho propeller calibration was made, tho o
g shoul& be corrected to the new dens tJ.
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te ﬁ ﬂnd,
tlﬂ t‘ia.‘.
ernving
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first series of tests should be tare tosts or
Z¢r tests, as 1% is no% important that the cxectH
1iight operating charts be uscd Zor theso tosts.
‘s arc fairly small guontitiecs and the stablilizor
ns3d only to dotormince thec stabilizor corffce-
for tho pitching-momont jet-boundary corrcctiong
ctormine the stabilizer angle for trixs at cruisisg.
stabilizer test, an ovorating chart
r to figure 8(c) is used. The second +es.., another
izer-angle test, is then nade by operating the rmotors
ore speeds and ot the same angles of attack 2

st ﬂ“Ou t ege two curves a power—on 1ift
urve T iitions cnon be obiazined, 4
curve of tr llft coef rficient »plotted against Hunnel
angle of at s given ir figure 6(d). TFor nll succeii-
ing tests ma de Vibh this power condition, :mie'I condition,
and blade angle, an operating curve of propellsr smeed as
a function of tunnsl angle of attack is us ad. This opcr
$ing curve is obtzined by combining figures 8{c) zrd &
s shown in figure 8(e), the firal operatirg chart.
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The mothod of operatlng the propellers for vaw tests
quite simple.  The model attitude is selected (high-

speod attitude, climbing attitude, landing attitude, obtcs)
and tho propeller specd corresponding to that attitude for
zero angle of yaw is set and maintained throughout tho yaw

'

~range tostod, Although this opcrating proccdure 1s the

simplest possidle, it roproduces tno airplanc-propellor
conditions cxactly for only small angles of yawe. At larger
anglcs of yaw, the representation is not quite so accurate.

"The 1ift coefficient usually falls off at moderate and at

high angles of yaw gin steady-state flight) and it would
therefore Te necessary either to change the flight% atti- .
tude or to increase the alrspeed in order to correct for
this loss in 1ift coefficient at the initisl angle of ate-
tack. The fact that either method of correcting for the
loss in 1ift could be used by the pilot indicates the dif-
ficulties encountered in trying to represent exactly the
flight conditions -at high angles of yaw. L% _ls not usu-
ally congidered UOaUh“Lh leg to. nse. any. more exact method
of operating the model propellers fg;”xa4jhg5$.1han o
maintain coustant vpropeller.snsed.

ITI, TESTS OF A POWERED MODEL

MODEL AWD APPARATUS

The nmodel used was a 1/5-scale model of a low-wing,
sing1e~ong*ne, pursuit-type airplane. It was made of
hogany with a hollow fuselage in which the motor and
the hinge-nmoment balances were installed. A threcwview
drawing of the model is shown in figurc 1.

[&]
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Test conditions and vprocedurc.~ The tests were made
in the NACA 7~ by 10<foot wind tunnel (references 12 and
13) a% a dynamic pressure of 4,09 pounds per sguare foolb,
corresponding to a velocity of about 40 miles per hour =at
standard ses-level conditions. The test Reynolds number,
based on this speed and a mean asrodynamic chord of 16.32
inches was sbout 500,000, The fturbulence fazctor of the
7~ by 10-foot tunnel is 1.6, so that the effective Reynolds
number was about 800,000. The test procedure was similar
%o that indicated in part II.




Cog cients.~ The results of the tests are given in

"l

the Fora of .standard FACA coefficisnts of forces and mow
neaty based on model wing area, wiag span, and mean aero-
iyaianic chord. All moments are taken about a center of
gravity located at 26.7 pecrcent of *he mear acorodynanic
chovd (fis. 1), The data are referred %o the stability
oRas described in part I of the present report. Tiae cool-
ricicnts are defined in the anpendix.

Corrgectioung.- The 1ift, drag, and pitching-momcnt co-
sfficients have beon correctad for f{gres csused by the
mnodel support. These tarcs were obWined Tty prelininary
teste with g dummy support for various model conditions.
The effact of power upon the Yares wos estimated.

The engles of attacky the drazg cceifficient, a2nd tae
ritching-noreat coefficients have Dbeen corrected for bHhe
sfferts of the tunael walls. The jet-boundary correc-—
tions applied wers computsd as follows:

T ; - 3 S w.® n

Indnced dvag correction, A4Cp, =8 3 C1, (12)

Induced angle-of-atiack correction,

bay = § & 0y (57.5) (11)
Pitcning-mouent-coefficient correctlion
S a-.‘r. . Y
MGy = 8, = =B Cp (57.3) (12}
i &0 d'l'[‘-

'“11 corrections are anded to tunnel data. In sata-
tions (10), (11), anda (12

y—

8 ict-boundary correciion Ffactcr {C.123;
: B Q
¢, czdditional jet-bouvandary correciiorn factor (0.17
¢ tunuel eross-scctional arca (63.59 =g .ft)
C:'Gr’l 7 s . + F X . I 1 o .
—+= change in nitcaing-moment coefficient per deogreco
s change in SLFJlllZVT sesting as detcrminod by
toats

Zo jat-bourcary corrcctionsz were applicd %o the

rowing-wond rolliizg-monient cecefflcients,.
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RESULTS

ch.~ The results of the pitch
ious power conditions are given
ation of these figures reveals

Characteristics in pi%
tests of the model with ver
in figures 9 to 12, ZExanin
the following facts:

1, The effect of nropeller operation was destabililgw
“ing whether or not power was applied (figs. 9(a) and S(b)).
The windmilling propeller decreased the slope of the curve
of pitching moment against 1ift about 25 percent below the
propellerwrenoved velus, Applicatiorn of power decreased
the slope of this curve still further, »ut the decrease

was apparentlv not a direct furction of the power appliecd.

2w The application of power inmcreased the slope of
the 1ift curve and the increase was approximately nro-
portional to the amount of powver (figs. 9(a) and 9\b))
Thu maximum 1ift coefficient also increascd with p ower
(fige 9(a)).

3+ &An increasc in proreller-blade angle slightly de-
creased the slope of the pitching-momens curve for. the
fullepower condition (fig. 10{a)) dut had no appreciable
effect on the s‘ope for the propeller windmilling condie
tion (fig. 10{Db)).

4, The stabiligzer effectivenesse was constant through-
out the 1lift range for the propeller-windmilling condition,
Just ag 1t usnally is for the power-off copd*tion. This
effe ct is shown by the pitching-moment curves of figure
11(a), whick are approxizately linear and parallel. The
stabiligzer effectiveness increansed with increasing thrust
coefficient for power-on operation, This effect is shown
by the diverging pitching-moment curves of flgure 11(®)
where the slope of the curves decreases with decreasing
positive valuecs of stabilizer ongle. (The thrust coeffiw
cient .increases with 1ift coefficient.)

5, The elevator effectiveness and the slope of th
pitching-nmoment curves 'for the various decflcctions (¢*g.
12) and power conditions were pffectcd ia tho samnc way
that the stabilizer orffcctivoness and slopc were affccted.,

w

Choracteristics in yoaw.=-
of the model are presented in fig
lowing points are wortny of note:

results of the yaw tests
es 13 to0 17. The folw-
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l. Power increased congiderably the pitchiag moment
due to yaw (figs. Lh, 157 and 16).

@+ The slope of the yawingwmoment curve 3Cp/c¥ noar

- s Lol '\
zaro yow was increased by power (figs. 13, 14, 15, ond 16},
3& The raving moment at zero yaw was pogitive nromel-—

el
ler-removed dut becare qu*te large ncgatively .8 pover wis
applie d (flgs. 13, 15, and 18).

4, Power in
(f

reaged the slope of the 1~rtsral- Iorc~
curve JCy/3VY 18

izs. 13, 14, 15, hna 13).

5, Power decregsel the sloves of the rolling-noment
1

lox
curve J¢y/3Y (figs. 13 and 14).

€e¢ In the high-spoed attitude vhere thz 1ift, the
thrust, oend the torque cocfficients were low, chkrazes in
propeller=-blade setting had no measurable cffact on thre '
cerodynamic charachtoeristics (fig. 15(a). In the c¢linb nt-
titude where the 1ift, the thrust, and the torque coeifi-

cients were moderately larze (Ilg. 15{(®)) =2n increase in
tlade angle ingreased the neza%ive rawiag roment at =zero
...‘.\L

yow but 4did not change the slope of tke yrrnwing-rmomont
curve near ©ero yaw arpreulabl decrenscd the F1038 of
the rolling-moment curve, cnd &Ocreused the positive rudder-
hinge-momont coefficient near zoro vaow.
Ts The. rudder effectivenesc was incrensed by porer
ard was noi symnebtrical about zero yoir (fig. 18). 4Amout
-5Y rudder deflection was required to trim the model at
zero yow for the c¢limb condition of figurs 15,

DISCUBRSION -

ffecst of pecwer on choracteristics in pitclh.- Bhe
component effects of power on nerodynamic cheracieristics
of single-cngine tractor onoplanss are iescrlnod and
methods are given for their evaluation 1n *cfcrcnca 1. A
rief discussion of power offscte, induction offcets cu
o the slipstream boundarics being nogl» ckte d follows:

R

The direct offect of % lle
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the normal forcc. As tq
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pnss through tho conter of gravity, thc thrust produccs o
pitching momont about tho centor of gravity., This pitch-
ing moront increasces with 1ift coefficicunt for constant
power opcration becausc the thrust ccefficient lncrcascs
with 1ift cocfficients If the thrust axis 1s above the
conteor of gravity, the resulting moments will be stabilize
ing, The propeller normnl forcc also produces a pitching

monment about the scenter of gravity because it acts in tae
planc of the propeller. This pitching moment is dostabi=x
lizing Toxr the conventiongl tractor arrangement. Roughly,
half of the total increment of pis cnlhg momecnt given in
figure 7 is due to the dircet cffoeet of the normal forcc.
The ﬂcc*c vs0 in the slopo of tho pilt ching-moment curve
with increoase in dlode angle illustrated in figure 10(2)
is caused by tho chongé in normal force with blade angle,
tut this offcet is partly masked by the changes in slip-
strcam distorsion also associated with changes in blade
anglo, - '

The slipstrcan may be broken into componcnts of as
1 veloeity, normal velocity, and angular velocity.
nl volocity rosults in an increasc in the dynanmic
cosuroe OTOT the wing, .the fuselage, and the tail, thus
the vorlous novodynamic forces and momeonts of
Darus. With the flap noutral, -tho change in wing
ng moment duc %o tlc axiasl velocity is usually ncge
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-1 *iblc. With flaps doficcted, howover, the change is oil-

Y

7

ton lerge enough to make the model without tail stable for
fullwrated-powver conditiorns. This corditicn resulis from
the fact that, although the nodels with flaps deflected
and without tail ~re unstable, rower off, the pitching mo-
ments are usually ncgati*‘e° The slipstream then increassas
these negative roments. The incresage is creater in the
high-1ift range than in the louw-lift range because the
slipstrean -velocity ratio increnses with 1ift ccefficient
for constant~-power operation :

The axial velocity of the slipstream inerssasges the
elevator and stavilizer sffectiveness, provided that the
slipstream passes over the tail surface. The change of
velocity at the tail with 1ift coefficient is destabilizing
if the tail 1ift is negative (down) and stabilizing if the
tail 1ift is positive (up). The destabilizing downwash
at the tail is increased by the axial component of the
inclined slipstream. It may bDe noted that for cases where

. : : - /de &

the tall gurfaces have a destabllizing effect %E > 1,
' : o

an increase in tail area will increase the instabdility,
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Tho vclocity normal %o the slipstrecam axis incroascs
tho dowvawnskh at the tail. Approximately kalf of tan cal-
culated taotal increment of piltching moment duc $c the
mroncller nornal-force cffeect, os showa iun fizure 7, is
duec to the incronscd downvash ceuscd by the normal forco

Theo anguler volocitics in the slipstrcan do not scen

-

to b ry lergs dircet cffcct or pitcking ncnent bo-
eras nercase thoe dovnwash on kolf of tho wing and
tnil t trec nnouns thet they docreasc the dewawvash
cn Lnlf. f couzreos, the wing 2isbtorts the slip-
stronm 1a suel o way t"hq the angulnr-volocity distribu-
tion at the tail is Dy no ncans perfectly symmetricnl.
Thus, thae offect of the angular velocities upon the pitch-
ing umounents will depend in 2 largce necasurce upon the way
the slipstrean is digtorted by the -ring,

Bffent of power on characieristics in vaw.- The
changes in the lateral clharacteristics due to power will
te considered in two parvs: first, the clhanges caused
©y the »nromneller forces, and second, the changss caused
by the resulting slipstrsan, The dircct effect of tle
wropeiler forces and monents mar be broken into components
of thrust, nermal force (forecs parallcl to ¥ axin), ang
forque. for the ususl single-cnginc tractor airplaze, tho
thrast axzis and tho conter of gravity lie in tae planc of
syrantry and, as a result, the thrust forcocs have no cf-
foet on tho rolliing or the vewing noncnts (about the staw-
bility axcs). The propeller nornal force iics in the
planc of the propellor aud trﬁrbxorc pLOdJ"CS o yawing
monont sbout thoe conter of gravit The nagnitude of the
~awlng monont dopeonds vpon tho pr orol*or orcrating condiw
tion but is alwors ﬁ"ﬁtmbillzllg for trachbor airplancs,
Tro reaction of the propollier torguc is trarnsxmiited %o tho
airplanc and causcs a modorato rolling moment and a snall
vowing nonent about tho sbabillty axos.

The iancrensc in dynanic pressurc ovor the vertical
£2il surfaces causos axn increasc in rudder cffcctivoncss
with wnower when tne tail is in tho l*pstrcah. As the ~n-
zlc or yaw is inercased, the tail surfaces pass out of
the slipstroan and the ruddoer e”fcculfcnogs is docrecosed
to the poweor~off valuc. Becausce of tho defornntion of
the glipstrecan duc to tho wing (roforcnce i), the tail
usrally noves ount of the slipstrcan sooncr whea yawed
wositively taan whon Fawed ;bhuulﬁnl" (for right-hand pro-
peller operation) and the variation of rudder erfectivew
ness with yaw is not symnesrieanl about zero ynw (fiz. 16).
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The increcse in dynamlc pressure over the fuselage and tail
surfaces contributes to the changes in pitching moment due

to ydwe The decrease in the effective dikedral caused by
power is believed to be partly due to the fact that, when
the airplane is yawed, the slipstream ig deflected over tTh
trailing-wing panel and incrsases the dynamiz pressure and
consequently, the 1ift of the trailing wing., This in-
creased trailing-wing 1lift (and decreased leading-wing
1ift) results in a rolling moment that increases with an-
gle of yaw but is of oprvosite sign %o the normal (dosir-
able) dihedral effccts., This difference in the dynamic
pressure upon the two sides of the wing panecl also con-
tributes to the yawing moment due to yaw. Thoe position

of the center of prossure of the vertical tall with rospecct
to the X axis determines the influonece of the incrcascd
tall effoctivoness upon the dlhedral ecffect.

o

3

Although it has not been definitely costablished, it is
thought that the offect of wing-fuselage intorference upon
the rolling and yawing moments due to yaw (referonce 15)
may be increasced by the incroased dynamic pressurc of the
slipstream. Thus, the adverse effects of interfercnce on
the effective dihedral of low-wing monoplarnes would be in-
creased and the favorable effects of the interference for -
highewving ronoplanes would also be increased. Ths .same
reasoning indicates that the favorable interference upon
weathercock.stability'of low-wing monoplanes would De in-
creased, and the unfavorable interferenco of high-wing
monoplanes would also be increased. Because the sidewash
angles at the tail are dotermincd nos a voetor. addition of
the various compoanents of air flow du¢ to the wing, the
fuselage, =nd the slipstrcam, the axial veloclty has a
rather large direct influonce upon tho sidowash angles of
the tail. '

The velocitios normal to the axis contribute toward
tho sideowosh angles of the air flow passing over tho wing,
tho fusclage, and the taile Onc of thoe cffcects of the
sidowash at the wings is to resist tho undosirable dise
placcmont of the slipstrocam, which dccrocascs the offcctive
dihcdrale The sidowash nt the fusoelagoe and at the tall
surfaces changes tho angle of attack of the fusclage and
the tall surfaces and thus deocrcascs the slope of the
yawing-moment curve.

The rotational volocities in the slipstream altor the
anglo=ofenttack distribution of that portion of the wing
immerscd in the slipstream and therobdy producc a rolling
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monent. The rotational velocities over the wing and the

. fuselage, together with the increased dynamic pressure in
the slipstream, produce rather powerful yawing moments.
The power—on vawins-moment curve obtained without $ail
surfaces ig usually nmarkedly unstadle, is vnsymmetrical
about zero yaw, and kas a larger negativo yawing moment a®
Zero yaw. The yawing moment at zero yaw is uswally in-
croased negatively by the tail surfaces for full-power op-
eration evon though the vertical tall is offsct 1° or 29,
These rotational velocities account in a large measure for
the effects of changes in propeller-blade angles.

CONCLUSTIONS

Power had a congiderabls influence or both the longi-
tudingl-~ ond lateral-stability and the control character-
istics. On single-engine, low~wving models, powcr de-
creased the longitudiral stadbility and the effective dihew
dral. The directional stability and ths rudder and eleva-
tor effectiveness were wusually incressed Dy powver.

Fowerwoff tests of models may give resulis that are
misleading with regard to the static stability of the fulle
scale sirplane; wherezs power-on tests give resulits that
are in close agreement with flight tcsts.

Langley ilemorial Aeronautical ZLasoratory,
Fationsl Advisory Commitiee for Aeronautics,
Langley Field, Va, ¢
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APPENDIX
COEFFICIENT AND SYMBOLS

]
uwltant- -drag coefficlent <—£\'
qS/

lateral~force coefficiens /jL>
\gS

11%% coefficient éif9
\a S
rolling-moment coefficient about center of gravity
{ L
\qu)
plsching-moment coefficient about center of gravity
(3N |
\gSc/

yvawing-moment coefficient about centor of gravity

<'E A
qSb/

elevator hinge-noment coofficient

rudder hinge-monent coefficilent <
effective thrust diskeloading coeffibient < )

effective thrust coefficient ( S>
q

torgue coefficient < >
V D®

o ApS s n
propeller normal=force coeificient <nor a%_igrce)

PV™D
: T
thrust coefficient <—~ S )

pnBD-‘L

Lo}
o
=
=
(0]
w3

ne s cngine w
coefficient ( £i00 PO er)

pn°D5
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resultant drag, positive when directed backward
lateral force, positive when cirecied to right

rolling moment about X axis, positive when it tende
to depress right wing

pitching nioment about ¥ axis, positive whecin it tends
to depress tall

vawing moment about Z axis, positive when it tends
to retard right wing

eloveator hinge moment, positive downward

radcer hinge moment, positive toward left
N

2

dvnamic prassure(%‘ o Vn) (4.09 1b/=q £%)
wine arca (9.44 sg Tt)

mesan aerodynamlic chord (L.36 ft)

wing span (7.46)

clovator area back of hinge (0.621 sqg £t)
rudder area back of hinze (0.471 sq I't)
root mean sguare clovator chord (0,284 %)
root mean square rudder cherd (C.403 ft)
effective thrust, 1b

engine torgue

mass density of air, slugs/cu ft

airspced, ft/sec

propellcr dlameter (2.0 ft)

propeller gpsed, rms

%
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(o4 anrle of attack of thrust line, deg

%5 rate of change of downwash angle with anzle of attack

o

)\ angle of yaw, positive when nose of model =oves to
right, deg

ig angle of ste bl]lzer setting with respect to thrush
line, positive with trailing edge down, deg

8o elevator deflection with respect to stabiligzer choxd,
Positive when trailiag edge of clevabor isg novoa

down, dog

8p  ruddor deflection, positive whon trailing cdge of
: rudder is moved to loft, deg

8¢ flap deflection, positive when trailing cdge of flap
is movod down, dog

aileron dofloction, positive whon trailing cdge of
aileron is moved down (Gubscrlbus R aznd L de-
note right and left ailerons), deg

T/uD advance-dismeter ratio

B8 angle of propeller-blade setting measured at thrae
quarter radius

N nuniber of bladcs

X constaent. (determined fro:i . fig, 4, reference 1) for 2
threewblade propeller

] angle of climb of airplanc, deg
¢y chord of propellor blade cloment
r radius to blade oloment
R propeller radiusg
1.0
o P 5 .
‘. 100000 L /r> A

A.F. sobivity fa 100000 SoeN /e

ctivity facto [ 53 L/ E \R & \L)
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L8 ans - e CP(ciaIU)
aebivity-factor ratio R == -
Plactual)

b

subscript L.F, indicates levoel-flight conditionc,
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range.

LONGITUDINAL STABILITY, CONTROL, AND TRIM
[For each test, the angle of attack covers the entire

Table 1
TABLE I. - TESTS REQUIRED FOR DETERMINATION OF

Each test should be made with zero values of

angle of yaw, rudder deflection, rudder-tab deflection,
alleron deflection, and alleron-tab deflection.
should be read for 1ift, drag, pitching moment, elevator-
hinge moment, and powerparameters on each test

Values

Landing; Eleva=-

b Flap gear |Stabll- | Eleva= | {on ggp|Power
e8t}condition| conai-jizer de-jtor de- |gor)ec-|oondi-
tion |fleectioniflection| ¢ion tion

1 | Neutral Up al Zero Zero Full
2 |=e==dowss |=edQuex bl =wedQmun! wedo===] Do,
a Deflected{ Down a8l |-~=do==-|-=do---] Do.
~-do -=d0 bl ~e=i@mn=|==do===| Do,
5 {==aadoeen [=edomax al weadgene| cnd0e==| Wind-

- mi1ling
6 |wmemdo=enlado==af Bl |accdpe~=|-=do--~| Do,
7 |eweedon=e |=ado===|Trim at al e=do~==| Do.
erulsl
8 |swwndoeew[«adOmmn]va= c:---r-l§ bl ~=do~==~{ ‘Do,
9 |ewwndoen=|-ndoemn|eacdoee= cl «=do-~=| Do,
10 40=~=|==d0 T 1o et al «==do==~| Half
11 |=ee=do~==|-=do do===| bl [==do-=-| Do.
12 do -~30 do el a=do=-~| Do,
1 do -~d0 O al w=do===| Full
1l |eeewdoe==|-=do do bl ~=do==-| Do,
15 | ====d0m=n |==d0n==|c=edOm== ol ~=do=-=| Do,
16 | Neutral | Up —emdQm—— al ~=do--~| Do.
17 | e==v@0m== jemdOm==]e==do===| Dbl }--do---| Do.
1% | ==medgme= |==d0mmm=|ee=do=e=] o1 |e-do---| Do,
19 | =e=cdpea= |==donaa |ceedOm=- al «=dg=-=| Half
20 do ~=d0 —e=dOme= bl ~=do=--=| Do.
21 | ~mwndomm= jeedomme jecedom==| el [==do~--| Do.
22 | a=wwdOm== |==do=a= jeeedo==~| &l al Do.
23 | ~cmcdomm= |==do=~n |emcdoaa= [cecdome= | -<do~== | Full
24 | Deflected | Down |===d0==e |===@O===|==d0-=~| Wind-
|m1111ng
L Values a, b, and ¢ indicate numerical values (not

zero) of deflection angles.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NACA TABLE II Table
TESTS REQUIRED FOR DETERMINATION OF STABILITY, CONTROL, AND TRIM
EFor eaeh test, the angle of yaw covers the entire range, the
stabilizer 1s set for trim at cruising, the elevator-tadb de-
flection is zero. Values of 1ift, d4rag, pltching moment, yaw-
ing moment, rudder-hinge moment, rolling moment, lateral force,
and power parameters are read for each test. Values of eleva=-
tor hinge moment are read for tests 1, 6, 11, 16, 21, and 22,
Values of alleron hinge moment are read for tests 1, 11, and
25 to 32]
Landing-
Eleva~ jRudder |Rudder~ |Aileron] Power
Feat coﬁé?gion gg:gl_ A:gt:ogt tor de- |deflec~|tab de~ |deflec~| condi-~
tion fleotion| tion |[flectlion| tion tion
1 | Neutral Up High Trim Zero Zero Zero Full
speed
2 [ewnedoeen|andoen~ [cesdoemna [=andoea=] al D el (- LT Y. 1, S Do.
a. woveOnes |wepues weandpewvs jceedfoa= bi‘ coalewwe —-do--- Do.
wecsees{eufoeen |waadomess eaado=~] © wealpevsjucdOman Do.
5 --—-do--- --do--- --—do---- ---do--— dl ---do--- "'-do--- Do.
6 |we~=dO0mee|eecdo==e] Olimb |«vedo=-=] Zero |w=-do=<<|e-do--s Do.
7 |==ccdoews|endo=ee jwced0eena |acdoe=-=] al weelomes|eediene Do.
8 |e=vadOme=]|=edoe=e|cccioenen |scado=e=f DL ELLL LTS Y. L Do.
9 jevceedOmas|wadoen= |meadoeems [~eado===| ol wnelouevleandoeen Do.
10 |w==eloee=|wedoece jeceioracne [meudOwoe al emedievelwaduee Do.
1l |Deflected| Down [2% below |==edOw=<«} Zero wenlfena]lealomes Do.
power=off :
gtall
12 |eevecdOee=|endoea= |sccdoeces jencdon-af al e ot LY. LR Do.
1 wanadQuealaniess [avafesns lwaudOnne bt L LEEES EE Y. LR Do.
1 Jacncdoeccjacdomes |ecsdpncn |acedomaa]| ol L LT LT TR PR, [t Do.
15 |e=eadOe=e|=~d0=es |cmed0enes [secdom==| 41 wenliewalecadpee- Do.
16 [m=<=dpme=|=nl0eeejee=d0erns|ovadoee=] Zero [-=~do===je-do=--] Wind-
milling
17 |e===dowe=|e=dime=]eneiimncn jenelpe=- al e ol LT LR Do.
18 |«=ewdOme={ecdo==-= do ) bl eeedoe==|eedoeea Do.
19 |=meedoec=|eadoecs |eccdpeccs jeeado==al ¢l mweedowen|eadgeve Do.
20 |==eelOe=e|e=do=es|eecdoemnce|emado-=-] &l - LR . L Do.
2] |eeeedowesieedo do Tri Zero |===d0=e=]e<do===| Fulld
+ a
22 | Neutral Up Climd |==wdow==]-=do do walgese Do.
2 wceadpenne|ecsdonac]enedOne~e Trim | «=doe=- al e=Q0==- Do.
24 |w=eeloe=alesdo===| High S TR REL LETES PR T, LESES P, LR Do.
© speed
2H jweea(owe={endome- do d0===} «=do===| Zero al Do.
26 |====do==~lecdgmee|amaioecen jescdoens] ~=doere]| anadpo===] Dl Do.
27 |==~ed0ecae |acdfav=|ecedfen~e |eceiieee]| eed0ee=] aeedoe-=| ol Do.
28 [wenelesn|eadoace |cmadfenne |ewcd@ee=} sad0ece] cecado=-- al Do.
29 JDeflected| Down |2° beloW |==edO===|evdo==e=|=v-do=e~| al Do.
power-off i
stall
30 je==edomes|=adoesn |acadpuee= [anedo -=d0 do===| bl Do.
31 Jeewedomea|endonns |eredoaccn jeenioeea| cedoame| ccadomaed ol Do.
32 —---on—o wa(gnee ewaffewe= . L. L T --d_o--- ---do--- dl Do'
1Values a, b, ¢, and 4 indicate wasmerical values (not zereo)

of the defleotion angles.

NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS
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